This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY, 



As rescanning documents will not correct images, 

please do not report the images to the 
Image Problem Mailbox. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




(43) International Publication Date 0<>) ^emational Pu Wication Number 

22 February 2001 (22.02.2001) PCT WO 01/12386 Al 



(51) International Patent Classification 7 : B24C 1/04 (74) Agent: BAELE, Ingrid, A„ R, M.; Intemationaal Oc- 

trooibureau B.V., Prof. Holstlaan 6, NL-5656 AA Bnd- 

(21) International Application Number: PCT/EP00/07415 hoven (NL). 

(22) International Filing Date: 31 July 2000 (31.07.2000) ^ Designated States (national): CN, JP ; KR. 

(25) Filing Language: English ^ Des ignated States (regional): European patent (AT, BE. 

CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, TT, LU, MC, 

(26) Publication Language: English ^ ^ SE ^ 

(30) Priority Data: 

99202675.7 18 August 1999 (18.08.1999) EP Publis j™ : . . , . 

— With international search report. 

a i * * i/AMiMk"! TTkTP PHH ipc F i FCTRON- — Be f° re the e*P iration °f the time i i ™*f° r omending the 

(71) Applicant: KONINKLIJKE PHILIPS E ^™>N- c { aims and to be repubH shed in the event of receipt of 
ICS N.V. [NL/NL]; Groenewoudseweg 1, NL-5621 BA c««//u « ^ 

r . ^ /Kri . amendments, 
Eindhoven (NL). 

(72) Inventors: BOUTEN, Petrus, C, P.; Prof. Holstlaan 6> For two-letter codes and other abbreviations, refer to the "Guid- 
NL-5656 AA Eindhoven (NL). SLIKKERVEER, Peter, ance Notes on Codes and Abbreviations'* appearing at the begin- 

; X; Prof. Holstlaan 6, NL-5656 AA Eindhoven (NL). ning of each regular issue of the PCT Gazette. 



(54) Title: METHOD OF OBTAINING A PATTERN OF CONCAVE SPACES OR APERTURES IN A PLATE 




^ (57) Abstract: The present invention relates to a method of obtaining a pattern of concave spaces or apertures (5) in a plate (1) or 
° layer of a brittle-like material, in which method a jet (4) of abrasive powder particles from a nozzle (2) is directed onto a surface 
O of the plate or layer, which plate or layer is provided with a mask (3) so as to define the region of impact of the abrasive powder 
particles on the surface. The present invention also relates to a brittle-like material provided with such a pattern of concave spaces 
1^ or apertures, and to the special application of such a brittle-like material. 
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The invention relates to a method of obtaining a pattern of concave spaces or 
apertures in a plate or layer of a brittle-like material, in which method a jet of abrasive 
powder particles from a nozzle is directed onto a surface of the plate or layer, which plate or 
layer is provided with a mask so as to define the region of impact of the abrasive powder 
5 particles on the surface. The invention also relates to a brittle-like material provided with 
such a pattern of concave spaces or apertures, and to the special application of such a brittle- 
like material. 

The method mentioned in the opening paragraph is known per se from the 
previously filed European patent applicatioRsO^OTTS?) in the name of the Applicant In 

1 0 accordance with the method of powder blasting, particles collide at a high velocity with a 
substrate, particularly glass. After the impact, they generate local damage in the substrate 
which may lead to the removal of the small fragments from the surface. This process is 
iterated many times and may thus be considered as an erosion process. A glass plate having a 
thickness of 0.7 mm is thus provided with a metal mask. The metal mask is adhered to the 

1 5 plate by means of an adhesive layer so as to prevent local delamination during the powder 
blasting process. A spraying unit provided with a nozzle is directed onto the surface of the 
plate, while a jet of abrasive powder particles* for example, silicon carbide or aluminum 
oxide leaves the nozzle on the basis of the pressure or venturi principle and lands on the 
surface of the plate or layer so as to form concave spaces or apertures therein. The angle at 

20 which the jet of abrasive powder particles extends to the plate or layer is thus 90°. It is further 
known from this European patent application to use a plurality of nozzles, while the plate 
performs, for example, an iterative movement parallel to the X axis and the spraying unit 
performs a movement parallel to the Y axis, with both velocities being adapted to each other 
in such a way that the desired aperture or pattern of concave spaces, particularly ducts, is 

25 obtained in the plate. For obtaining a better homogeneity of the desired pattern, it is also 

known from this document to use a plurality of nozzles, each of which is passed across a part 
of the mask. A drawback of such a method is that the jet of abrasive powder particles directed 
perpendicularly to the surface of the plate makes a hole of a special shape in the plate or 
layer. The manufacture of substantially symmetrical concave spaces or apertures having flat 
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bottoms is, however, not possible with such a method. Moreover, the reproducible 
construction of concave spaces or apertures having substantially straight side walls is not 
possible. 

It is therefore an object of the present invention to provide a method of 
5 obtaining a pattern of concave spaces or apertures in a plate or layer of a brittle-like material, 
which concave spaces or apertures are characterized by a substantially flat bottom. 

Another object of the present invention is to provide a method of obtaining a 
pattern of concave spaces or apertures in a plate or layer of a brittle-like material, which 
spaces or apertures have substantially straight side walls. 
10 Another object of the invention is to provide a method of obtaining a pattern 

of concave spaces or apertures in a plate or layer of a brittle-like material, which spaces or 
apertures are interconnected. 

According to the invention, the method described in the opening paragraph is 
characterized in that at least two jets of abrasive powder particles are each directed at 
1 5 respective angles of cti and az onto the surface of the plate or layer, which jets mutually 

extend at an angle of (180°-ai-<X2), the shape of the concave spaces or apertures thus formed 
being not limited by the thickness of the brittle-like material. 

The part of the phrase "at least two jets of abrasive powder particles" in the 
introduction and the claims should be considered as an embodiment in which the surface of 
20 the plate or layer is always powder-blasted at an angle. It is thus possible to place a nozzle at 
an angle a! and to subsequently place the same nozzle at an angle ot2> which embodiment 
falls within the protective scope of the present invention. It is also possible to vary the angle 
aj at which the nozzle extends to the surface of the plate or layer continuously or not 
continuously, which embodiment also falls within the protective scope of the present 
25 invention. In practice, two or more separate nozzles, each with a respective angle <xi and aa 
will be used from a production-technical point of view. 

The term "brittle-like material" mentioned in the introduction and the claims 
should be considered as a material in which concave spaces or apertures can be provided by 
means of powder blasting, for which notably glass, ceramic material, silicon and brittle 
30 synthetic materials are suitable basic materials. 

The part of the phrase "not limited by the thickness of the britde-like material" 
mentioned in the introduction and claims should be understood to mean that the method is 
suitable for providing apertures or concave spaces in any brittle-like material or combinations 
of one or more brittle-like materials in which the apertures or concave spaces formed extend 



WO 01/12386 PCT/EPOO/07415 

3 

partly or completely across the thickness of the material or combination of materials used. 
The shape of the apertures or concave spaces thus formed is not defined by a possible 
transition of material properties, as is the case in the Japanese patent publication 082 22129 
to be described hereinafter. Consequently, a hard, brittle-like material as a stopper layer is not 
5 required. 

Although it is known from the Japanese patent application published under no. 
082 22129 on 30 August 1996 to make a concave space in a brittle-like material while using 
a jet of abrasive powder particles, it is necessary for the method known from this publication 
that the brittle-like material essentially consists of two separate materials, namely a relatively 

10 soft brittle-like material and a hard brittle-like material. The relatively soft brittle-like 
material is provided with a mask which is subsequently subjected to the powder-blasting 
treatment so that the soft brittle-like material not shielded by the mask is removed by the 
powder particles. The concave spaces are thus only formed in the soft brittle-like material, 
while the transition from the relatively soft brittle-like material to the hard brittle-like 

15 material serves as a stopper layer. A concave space thus formed has a flat bottom which is 
formed by the hard brittle-like material that has not been removedby the jet of abrasive 
powder particles. Moreover, this Japanese patent application does not give any information 
about the special angle of the jet of abrasive powder particles with respect to the surface of 
the plate or layer in which the pattern of concave spaces or apertures is formed. Frit is used as 

20 a relatively soft brittle-like material, and glass is used as a hard brittle-like material. A 

drawback of this technology is that a top layer of frit should always be provided on the hard 
brittle-like material, which treatment has a cost-increasing effect Moreover, the released frit 
must be removed. 

The angles en and ct2 used in the method according to the invention are 
25 preferably between 30° and 80°, particularly between 45° and 65°. 

The use of such angles aj and a 2 has led to concave spaces or apertures with a 
substantially flat bottom. If the angles a,, a 2 are smaller than 30°, the erosion speed is low, 
which is undesirable for practical applications. If, in contrast, the angles a t , a 2 are larger than 
80°, the ducts formed on the lower side as compared with ducts obtained by means of powder 
30 blasting at an angle of 90° will hardly widen, which is detrimental for obtaining symmetrical 
concave spaces or apertures having a substantially flat bottom and substantially straight side 
walls. It should, however, be clear that the present invention is not limited to apertures or 
holes with a flat bottom and/or straight side walls. In accordance with the method, it is 
alternatively possible to form apertures which are interconnected under the surface. 
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Moreover, in accordance with the present invention, apertures or concave spaces can be 
obtained which extend throughout the thickness of the brittle-like material. 

If ducts or grooves or slits must be formed in a plate or layer of the brittle-like 
material, it is preferred in the present invention to perform a relative movement between the 
jet of abrasive powder particles and the plate or layer. For an accurate and reproducible 
powder supply through the nozzle, it is preferred that the nozzle is situated at a fixed point. 

To prevent interference of the jets of abrasive powder particles, causing a loss 
of kinetic energy, it is preferred to obtain a pattern of concave spaces or apertures in steps, in 
which the two jets of abrasive powder particles are directed one after the other onto the 
surface of the plate or layer. This consecutive operation should also include the embodiment 
in which the formation of the apertures or concave spaces takes place with a fast alternation 
of both jets. In accordance with such a high-frequency alternation of both powder jets, it is 
possible to obtain a symmetrical concave space or aperture. 

In a particular embodiment of the present invention, it is further preferred to 
direct the two jets of abrasive powder particles onto separate positions of the plate or layer so 
that the powder blasting efficiency is influenced in a favorable manner. 

Experiments have proved that it is desirable that the geometry or dimension of 
the nozzle for both jets of powder particles is substantially identical for obtaining 
substantially symmetrical concave spaces or apertures in a plate or layer of the brittle-like 
material. Moreover, for obtaining such symmetrical concave spaces or apertures provided 
with a flat bottom, it is preferred that the kinetic energy determined by the size and velocity 
of the powder particles is substantially identical for both jets of powder particles, while it is 
notably preferred that angle <Xi is equal to angle a 2 . Moreover, in such an embodiment it is 
preferred that the quantity of particles, namely the powder flux, is substantially identical for 
both jets of powder particles. 

To be able to check the kinetic energy of the particles, it is necessary that both 
the size of the particles and their velocity should be determined accurately. In given 
embodiments, it is thus preferred that the abrasive powder particles have a size of between 1 0 
and 50 \xm. 

For obtaining a pattern of concave spaces or apertures in a plate or layer of the 
brittle-like material having a depth of 85 to 200 nm, it is preferred that the mask has a 
thickness of between 30 and 100 fim. 
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The present invention also relates to a brittle-like material provided with a 
pattern of concave spaces or apertures, which brittle-like material is characterized by the 
method as described in the present invention. 

The brittle-like material obtained by means of the method according to the 
invention is notably suitable for use in plasma display panels (PDP), plasma-addressed liquid 
crystal displays (PALC) and in components for micro electromechanical systems, for 
example, sensors, actuators and micrometering systems. 

These and other aspects of the invention are apparent from and will be 

elucidated with reference to the embodiments described hereinafter. 



In the drawings: 

Fig. 1 shows diagrammatically the method according to the invention. 

Fig. 2 is a cross-section, obtained by means of optical microscopy, of a groove 
pattern in a powder-blasting experiment in accordance with the state of the art. 

Fig. 3 is a cross-section, obtained by means of optical microscopy, of a groove 
pattern in a powder-blasting experiment in accordance with the present invention. 

Fig. 4 is a cross-section, obtained by means of optical microscopy, of a groove 
pattern in a powder-blasting experiment in accordance with the present invention. 

Fig. 5 is a cross-section, obtained by means of SEM, of a groove pattern in a 
powder-blasting experiment in accordance with the present invention. 

Fig. 6 is a cross-section, obtained by means of SEM, of a groove pattern in a 
powder-blasting experiment in accordance with the state of the art. 

It should be noted that the present invention is not limited to these special 
embodiments which only serve to illustrate the present invention. 

Fig. 1 shows diagrammatically the method in accordance with the present 
invention in the separate sub-Figures 1A-1C. The plate or layer of brittle-like material is 
denoted by reference numeral 1, on which brittle-like material a mask 3 is provided so as to 
define the region of impact of the abrasive powder particles 4 on the surface of the brittle-like 
material 1 . The jet of abrasive powder particles 4 comes from a nozzle 2 which extends at an 
angle cti to the surface of the plate or layer 1. As a result of the kinetic energy of the jet of 
abrasive powder particles 4, a pattern of concave spaces or apertures 5 is formed in the 
brittle-like material 1, while it is also desirable in a special embodiment that a relative 
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movement is performed between the jet of abrasive powder particles 4 and the brittle-like 
material 1. 

Fig. IB shows the embodiment in which nozzle 2 extends at an angle of a 2 to 
the surface of the plate or layer of brittle-like material 1 . The jet of abrasive powder particles 
4 is directed onto the surface of the plate or layer of the brittle-like material 1 in such a way 
that a pattern of concave spaces or apertures 5 is formed in the brittle-like material 1 . It 
should be evident that the nozzle 2 used in Figs. 1 A and IB may be the same nozzle in a 
special embodiment so that a pattern of concave spaces or apertures 5 in the brittle-like 
; material 1 is obtained by varying the angles a, and a 2 . Moreover, it is possible to obtain a 
pattern of concave spaces or apertures 5 in steps, in which the two jets of abrasive powder 
particles 4 from nozzle 2 are consecutively directed onto the surface of the plate or layer 1 . 

Fig. 1 C shows diagrammatically the embodiment in which two separate 
nozzles 2 direct a jet of abrasive powder particles 4 onto the surface of the brittle-like 
material 1 , so that concave spaces or apertures 5 are formed in the brittle-like material 1 . This 
diagrammatic representation also shows that the two angles cti, a 2 do not need to be equal to 
each other. Moreover, it is desirable in a given embodiment that the two jets of abrasive 
powder particles 4 are directed onto separate positions 5 on the plate or layer of the brittle- 
like material 1. The essence of the present invention should thus be based on the recognition 
that a jet of abrasive powder particles is directed at an angle onto the surface of the plate or 
layer, which angle is smaller than the angle of 90° known from the state of the art. 

Fig. 2 shows diagrammatically pictures 1-9 obtained by means of optical 
microscopy. The brittle-like material glass was provided with a mask of the type Ordyl 
BF410 having a thickness of 100 and a width of 370 *im between the apertures. A1 2 0 3 
having an average size of 23 ^im was used for the abrasive powder particles which were 
directed at an average velocity of 133 m per second onto the brittle-like material. This state- 
of-the-art experiment was performed at an angle of incidence of 90°, namely a perpendicular 
incidence on the brittle-like material. The pictures 1-9 represent the apertures obtained as a 
function of the powder load, with picture 1 corresponding to a powder load of 17 gr/cm 2 and 
picture 9 corresponding to a powder load of 150 gr/cm 2 , while the powder load was raised by 
a value of approximately 17 gr/cm 2 for each picture. The pictures clearly show that the shape 
of the aperture obtained does not have a straight side wall and/or a flat bottom. Moreover, a 
clearly visible kink in the geometry of the side wall occurs as from picture 4. 



25 



30 



WO 01/12386 

7 PCT/EPO0/07415 

K& 3 *°" to8 ^ Mya ^- bl ^expenn,en, in accordance 
™hth P--n.-e« i onb ym e m 3„fop ti ca, m ic r osco Pypictures 1 -3.. The brittle-like 

^-°f»PP I oxn n a tt , yl 00 Mm andawido 1 „ f 360 Unl ^n fll eaper ta es The 

'° " POWder " b ' aain8 teatoM " - ^ - -rage 

-e of 23 urn and an average velocity of , 00 m per second. The ang,es «„ « 2 used in this 

lewder-blasting experiment were both 75". It is Ceariv visible from the optica, microscopy 
P«~ M fca, the shape of the apertures obtained essential* differs froLe sbape oTI 
apexes as descrtbed with reference to Fig. 2, „ which to ^ „ f 

oftTl C rr^ toa ^ der ^° f42 ^^^ S p.nd s ,oa P o„der l oad 

!nT°; rt 8 "' "* wai,s is visibie from 3 - ^ * — «-* - 

compared with the pictures shown in Fig. 2. 

J' withther, ^'^^^^^^-W-ungexperimentta 

d» ^.sen, mvention. Olass was used as a brittle-like materia, and was provided with a 
mask „, the type LF55G1 having a thickness of approximate,, i 00 urn and a width j£ 

sze„f23^andanavera g evelc.i,yof,00mpersec„nd,Thean gI e S o ; ,,a 2 used mtt ns 

Ptcture the symmettica, shape of the aperture formed in gUss is cieariy vSble. h, pic^ 2 
^powder ,„ad was increased to 32 gnW, in which me flat bottom and me snbsLna, y 

™,ble. The subseouen, mcrease of me powder load to a vaiue of 44 gr/cm> in picmre 3 
s ows that the secure of the fla, bottom was changed, w M e the sidT wall wTT' 

underrmned. An even further increase of the powder load ,„, for examp,e, 88 grW 

60 easily mfluenced the geometry of the aperttnes formed. The sffl, further increal of 
*e Powder load will ensure tha, the juxtaposed apertures win come into contact with H 

I W, T" " ^ ** ~ ^™ Kd ^ — -d 1 

referred to as sub-ways. 

Fig. 4 shows additional SEM pictures of the experiment performed in 

& 4 ' ^ ' *"* «" ~-l shape of the aperture 



WO01/12386 PCT/EP00/07415 

8 

considerably influenced after the powder load is even further increased, as is shown in 
picture 8. 

Finally, Fig- 6 shows diagrammatically a pattern of concave ducts obtained in 
accordance with the state of the art, which pattern is obtained at an angle of incidence of 90° 
in a glass substrate. It is clearly visible from this Fig. 6 that the shape of the concave 
apertures obtained corresponds to the picture shown in Fig. 2, noting that both the flat bottom 
and the straight side wall are absent. 



WO 01/12386 



9 



PCT/EP00/07415 



CLAIMS: 



I a method of obtaining a pattern of concave spaces or apertures in a plate or 

layer of a brittle-like material, in which method a jet of abrasive powder particles from a 
nozzle is directed onto a surface of the plate or layer, which plate or layer is provided with a 
mask so as to define the region of impact of the abrasive powder particles on the surface, 
characterized in that at least two jets of abrasive powder particles are each directed at 
respective angles of ai and a 2 onto the surface of the plate or layer, which jets mutually 
extend at an angle of (180°-ai-a 2 ), the shape of the concave spaces or apertures thus formed 
being not limited by the thickness of the brittle-like material. 

2. A method as claimed in claim 1 , characterized in that the angles ai and a 2 are 

between 30° and 80°. 

3 a method as claimed in claim 1-2, characterized in that the angles a! and a 2 
are between 45° and 65°. 

4 a method as claimed in claim 1 -3, characterized in that a relative movement is 
performed between the jet of abrasive powder particles and the plate or layer. 

5 a method as claimed in claim 4, characterized in that the plate or layer is 
moved with respect to the jet of abrasive powder particles. 

g A method as claimed in claims 1-5, characterized in that a pattern of concave 

spaces or apertures is obtained in steps, in which the two jets of abrasive powder particles are 
directed one after the other onto the surface of the plate or layer. 



7, A method as claimed in claims 1-6. characterized in that the two jets of 

abrasive powder particles are directed onto separate positions on the plate or layer. 
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g A method as claimed in claims 1 -7, characterized in that the nozzle has a 

substantially identical geometry for both jets of powder particles. 

9 a method as claimed in claims 1 -8, characterized in that the powder particles 

in both jets have a substantially identical average kinetic energy. 

10. A method as claimed in claims 1-9, characterized in that both jets of powder 
particles have a substantially identical powder flux. 

11. A method as claimed in claims 1-10, characterized in that angle oti is equal to 
angle oa- 

12. A method as claimed in claims 1-11, characterized in that the abrasive powder 
particles have a size of between 10 and 50 nm. 

13 A method as claimed in claims 1-12, characterized in that the mask has a 

thickness of between 30 and 100 pm. 

14. A brittle-like material provided with a pattern of concave spaces or apertures, 
characterized in that the method is performed as claimed in claims 1-13- 

15. A brittle-like material as claimed in claim 14, characterized in that the concave 
spaces or apertures have a substantially flat bottom. 

15 A brittle-like material as claimed in claims 14-1 5, characterized in that the 

concave spaces or apertures have substantially straight side walls. 

17, a brittle-like material as claimed in claims 14-16, characterized in that the 

concave spaces or apertures are interconnected under the surface of the plate or layer. 



1 g a plasma display panel (PDP) composed of a brittle-like material as claimed 

in claims 14-17. 
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19. A micro-electromechanical system composed of a brittle-like material as 

claimed in claims 14-17. 



20. A plasma-addressed liquid crystal display (PALC) composed of a brittle-like 

material as claimed in claims 14-17. 
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